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Abstract

Manipulating soil microbial communities using soil and crop management practices is a basic strategy in developing sus-
tainable agricultural systems. Sustainable farming is based, in part, on the efficient management of soil microorganisms to
improve soil quality. However, the identification of biological indicators of soil quality that can be used to predict weed sup-
pression in soils has received little attention. We investigated differences in soil microbial activity among various crop and soil
management systems to assess: (i) the microbiological characteristics of these soils; (ii) determine whether any relationships
existed that might be used in the development of weed suppression. Soil enzyme activity, water-stable aggregates, and the
proportions of weed-suppressive bacteria were compared among seven cropping systems and one native-prairie ecosysten
in mid-Missouri, USA. Assays of soil enzymes (fluorescein diacetate hydrolase, dehydrogenase, phosphatase) revealed that
organic and integrated cropping systems, and the native-prairie ecosystem had the highest levels of soil activity. Weed rhizo-
spheres from these same ecosystems also had greater proportions of bacterial isolates characterized as “growth suppressive
to green foxtail Getaria viridis [L.] Beauv.) and field bindweedJonvolvulus arvensis L.): 15 and 10%, respectively. The
proportion of water-stable soil aggregates was the greatest in soils with the highest organic matter and was found to be related
to higher enzyme and weed-suppressive activity. Selected biological indicators of soil quality were associated with potential
weed-suppressive activity in soil when that soil was managed for high organic matter content under reduced tillage systems.
This research study provides further evidence that soil quality and sustainable agricultural practices may be linked to integrated
weed management systems for the biological suppression of weeds.
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1. Introduction development of agricultural systems that are less de-
pendent on non-renewable resourcBar(khurst and
Soil microbial communities, manipulated through Lynch, 1994. Research into sustainable farming op-
soil and crop management, are fundamental to the tions that strive to manage and enhance the beneficial
activities of soil microorganisms for soil quality im-
" Corresponding author. Tek+1-573-882-6408; prove_ment_has received re_Iativer little atter_ltion. _
fax: +1-573-884-5070. Soil quality has been defined as the capacity of a soll
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biological productivity, maintain environmental qual- sequently an increased potential for the development
ity, and promote plant and animal healtbafan and of weed-suppressive bacterial communiti€srinedy,
Parkin, 199. Soil quality evaluation, properly char- 1999; Li and Kremer, 2000 A recent study of crop
acterized, should serve to indicate changes in both themanagement practices on claypan soils (Epiaqualfs)
ability of that soil to optimize crop yields and main- that involved reduced tillage, maintenance of high
tain its structural and biological integritypérr et al., soil organic matter, and limited inputs of agrichemi-
1992. Physical soil quality characteristics are gener- cals, found increased levels of DRB associated with
ally indicated by increases in water infiltration, macro- weed seedlings that may contribute to natural weed
porosity, aggregate size and stability, and soil organic suppressionl( and Kremer, 200p Growth of com-
matter Karlen and Stott, 1994 mon lambsquartersChenopodium album L.) in a

Soil quality is often linked to organic matter con- potato Solanum tuberosum L.) crop was only 25% in
tent and the activity of beneficial soil organisms. Soil soils receiving annual inputs of green manure, com-
enzymes are both mediators and catalysts of impor- posted plant residues, and beef manure compared to
tant soil functions and have been used to measurenon-amended soilsGallandt et al., 1999 Involve-
the influence of natural processes and anthropogenicment of antagonistic soil microbes was not indicated
activities on soil quality Dick, 1997. Soil enzyme although the associated increase in soil quality factors
activity can be used to evaluate plant productivity, nu- including soil organic matter, was implicated in the
trient cycling potential, and improved soil chemical development of weed suppressiveness.
and physical status, especially in soils managed us- Based on the reviews of several studigsitink and
ing long crop rotations, conservation tillage practices, Boehm (1999)suggested that high levels of soil hy-
and organic amendmentglértens et al., 1992; Jordan drolytic enzymes associated with soils with both high
et al., 1995; Dick et al., 1998 organic matter and microbial biomass were correlated

The development of agroecosystems with the to the pest suppressive characteristics in a soil. Be-
capacity to suppress weeds using naturally occur- cause high soil organic matter is generally considered
ring soil-weed interactions has received little study a key indicator of soil quality, these soils may also
(Gallandt et al., 1999 Such management strate- be expected to have a greater potential for weed sup-
gies could be used to promote the development of pression relative to those soils where organic matter
beneficial microbial communities similar to the “con- is low. Several farming practices that maintain or in-
servation biological control” approach proposed by crease soil organic matter can be used to manage soil
Newman et al. (1998)thereby undertaking sustain- microorganisms and microbial activity to optimize po-
able weed management with reduced or no herbicide tential weed suppressioKiemer and Kennedy, 1996;
inputs Parr et al., 199 Gallandt et al., 1999; Kennedy, 1999

Specific microorganisms have been manipulated to By investigating the differences in soil microbial
produce beneficial effects for agriculture including bi- activity among different crops and soil management
ological control of plant pests to reduce chemical in- systems in Missouri, USA, we hope to further develop
puts Koul and Dhaliwal, 200R Investigations with our understanding of soil agroecosystems that express
deleterious rhizosphere bacteria (DRB) suggest that natural weed suppression. The present study was con-
sustainable management practices for many crops mayducted to determine whether specific soil quality char-
incorporate the management of indigenous microbial acteristics could be used to predict the potential for
communities for the biological control of weeds. Dele- natural weed suppression.
terious rhizobacteria that specifically inhibit various
weeds, but do not affect crops, have been isolated from
several rhizosphere soilKemer and Kennedy, 1996; 2. Materials and methods
Ibekwe and Kennedy, 1999

Soils managed under practices that enhance or-2.1. Sampling locations
ganic matter accumulation provide an environment
for diverse and competitive microbial populations, in- Seven cropping systems that differed in fertiliza-
creased soil enzyme activityppran, 1989, and con- tion practice, method and intensity of tillage, and crop



R.J. Kremer, J. Li/Soil & Tillage Research 72 (2003) 193-202 195

Table 1
Characteristics of crop management systems at selected study sites
Study site Code Management system Crops
Sanborn Field, plot 6 SF-6 Conventional tillage, monoculture, full fertility for 52 years Corn
Sanborn Field, plot 26 SF-26  Conventional tillage, crop rotation, full fertility for 112 years  Corn, winter wheat, red clover
Sanborn Field, plot 39 SF-39 Conventional tillage, monoculture, full fertility for 12 years Soybean
ASEQ cropping system no. 1 CS-1  High agrichemical input, minimum tillage, crop rotation fo€orn, soybean
12 years
ASEQ cropping system no. 5 CS-5 Integrated management, no tillage, crop rotation for 12 years  Corn, soybean, wheat,
cover crop
ASEQ cropping system no. 6 CS-6  Cool-season pasture, no fertility, managed as ‘conservati@wool-season grasses and
reserve program’ (CRP) for 12 years legumes
Organic Farm OF Organic farming system, minimum tillage, organic fertilizerStrawberry, onion
and soil amendments for 12 years
Tucker Prairie TP Uncultivated native prairie Native warm-season grasses
and forbs

rotation were compared with a native-prairie ecosys- (TP), 32km east of Columbia, MO, consisting of na-
tem in Missouri, USA Table J). tive warm-season grasses and forbs was selected to
At the long-term experimental research site at the represent an uncultivated native-prairie reference site.
University of Missouri, Columbia, Sanborn Field The soil at all the sites was classified as a Mexico silt
(SF), full fertility consisted of fertilizer applications loam (fine, smectitic, mesic, Aeric Vertic Epiaqualfs).
sufficient to yield 11,000 kg hd corn. Conventional  Soils from each site were different for pH, soil organic
tillage involved moldboard plowing followed by tan- matter, and mineral nutrient conteniable 2.
dem disk as secondary tillage for seedbed preparation.
The three cropping systems (CS-1, CS-5, CS-6) 2.2. Sampling procedures
were established at the USDA-ARS Agricultural Sys-
tems for Environmental Quality (ASEQ) site near Surface bulk soil samples (0—10 cm depth) were col-
Centralia, MO. CS-1, was a high agrichemical input, lected using a stainless steel probe (10 cm diameter)
minimum tillage, and corn—soybean rotation receiv- along transects established for each plot at the SF and
ing 190kg ha' N and lime, P and K as needed based ASEQ sites. Three plots of 100’nwere established
on soil test for a corn grain yield of 9400 kgha at the OF and TP sites from which soils were sam-
Minimum tillage consisted of field cultivation for fer-  pled along transects. A minimum of three soil cores
tilizer and herbicide incorporation, mid-season in-row was collected along each transect, mixed, and stored
cultivation, and fall or spring chisel plow after corn in open plastic bags at 15-2C. Soils were processed
harvest. CS-5, was an integrated crop managementwithin 3 days of collection.
of no tillage and corn—soybean-winter wheat—cover
crop rotation receiving 150kghd N and lime, 2.3. Soil enzyme analyses
P and K based on soil test only for a corn yield
of 7500kghal. CS-6, was a 10-year continuous Soil microbial activity expressed as fluorescien di-
cool-season grass and legume pasture system with ncacetate (FDA) hydrolysis was determined following
agrichemical input representing previously cultivated the method ofSchnirer and Rosswall (198FBDA is
land taken out of crop production. a general substrate for several hydrolytic enzymes in-
An organic farming system (OF) was selected cluding esterases, lipases and certain protediiek, (
16 km east of Columbia, MO. It was cropped to straw- 1997). FDA hydrolytic activity was detected by spec-
berry Fragaria virginiana L.) followed by onion Al- trophotometrically measuring the product of hydrol-
lium sp.) on raised beds with annual applications of ysis (fluorescein). The assay consisted of suspending
10 Mg ha ! composted beef or poultry manure and no 1.0g soil in 20 ml phosphate buffer (pH 7.6), shak-
synthetic agrichemical inputs. Finally, Tucker Prairie ing for 15min, and adding 1001 FDA (4.8 mM).
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Table 2

Selected chemical and physical characteristics of Mexico silt loam at each crop management site

Sit8  pHs OM P (kghal) cCa Mg K (kghal) Clay Silt Sand
(g kg1 soil) (kgha?) (kgha?) (gkgtsoil) (gkgtsoil) (gkg?!soil)

SF-6 5.8 32.0 90 1210 75 140 245 677 78

SF-26 5.6 31.0 70 1420 130 210 171 779 50

SF-39 6.5 25.5 80 1700 200 175 180 740 80

Cs-1 6.4 310 60 1690 180 190 170 754 76

CS-5 6.2 40.0 110 1825 320 275 275 631 94

CS-6 6.2 26.0 30 3260 435 265 190 766 54

OF 6.6 62.0 130 2470 320 280 259 669 72

TP 4.9 55.0 20 1800 315 250 210 750 41

aSeeTable 1for site codes.

The assay mixture was placed on a rotary shaker at2.4. Water-stable soil aggregates

100 rpm and incubated at 3C for 105 min. The assay
was terminated by extraction with acetone (10 ml) fol-
lowed by filtration through filter paper (Whatman no.
2, Fisher, Pittsburgh, PA). The optical density of each

Water-stable aggregates in soil samples were deter-
mined according t&kemper and Rosenau (1986jth
modifications based oAngers and Mehuys (1993)

filtrate was measured at 490 nm and the total amount Ten grams of air-dried soil of between 1 and 2mm

of product formed was calculated based on a regres-
sion equation generated from standards of known con-

centrations.
Triphenyl-tetrazolium chloride (TTC)-dehydroge-

nase activity was used to estimate respiratory ac-

tivity for viable microorganisms Gasida, 197}
Soil (69) was incubated in 1.0ml of 3% TTC and
3.0ml of 0.2M CaCQ for 24h at 37C. Assays
were conducted with three replicates containing
TTC and one control with 8 ml deionized water.
The reactions were terminated by addition of 50 ml

aggregate diameter were spread on a 230sieve.
The height of the sieve on the wet-sieving apparatus
was adjusted to allow immersion of all aggregates in
water during its movement (30 vertical strokes/min for
10 min). Soil particles that passed through the sieve
were considered the soil fraction that was unstable
in water. Soil remaining on the sieve was dried at
105°C, weighed, and dispersed with 50 ml of 0.5%
sodium hexa-metaphosphate to separate water-stable
soil fractions from coarse particles. Coarse particles
were collected, dried and weighed. The proportion of

methanol and extracted 30 min on a reciprocal shaker. water-stable soil aggregates was calculated as a per-

The reaction mixture was filtered and the con-
centration of 2,3,4-triphenyl-tetrazolium formazan
(product) was determined spectrophotometrically at
485 nm.

Acid and alkaline phosphatate activities were de-
termined usingp-nitrophenol phosphate (PNP) as
the substrate as described bgbatabai (1994)Half

centage of the weight of the stable fraction of the total
soil weight.

2.5. Isolation of soil bacteria

Total culturable bacteria were enumerated by serial
dilution in sterile phosphate buffered saline (PBS;

the volume of reagents and PNP was added to 0.5g10 mM K;POy—KH2PQy, 0.14 M NacCl; pH 7.2) and

soil in 30ml tubes, gently vortexed, and placed in
an incubator at 37C for 1 h. After incubation and
filtration, presence op-nitrophenol (product) in each

plating on King’'s B agar medium supplemented with
80 mg g ! of cycloheximide to suppress fungal growth
(Aravjo et al., 1998 Although King's B medium

sample was determined spectrophotometrically at was developed to selectively culture pseudomonads,

410 nm.

All values for enzymatic activities were reported on
a dry soil basis. After drying soil at 10% for 24 h,
soil moisture was determined on each sample.

other bacterial genera are readily cultured from soils
using this mediumKremer et al., 1990 Plates were
incubated at 27C for 3 days, after which bacte-
rial colony forming units (CFUs) were enumerated.
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Representative colonies were selected and subcul-2.7. Satistical analysis

tured onto King's B and tryptic soy agars to obtain

pure isolates. Selection criteria included pigmenta- In the primary screening, bacterial isolates that

tion, colony morphology, texture and opacigrgibert caused 50% of growth inhibition or more were consid-

and Krieg, 199% Fluorescent pigment production, an  ered phytotoxic and underwent secondary screening.
additional selection criterion, was detected by expos- The growth inhibition results of the host screening

ing bacterial colonies to ultraviolet light<@60nm were subjected to a one-way analysis of variance. The

wavelength) for 1-2s. least significant differences were calculated accord-
ing to Tukey’s test and the upper significance bounds

2.6. Seedling bioassays of the Studentized range distributidh = 0.05 were
used.

Bacterial isolates were assayed for growth-suppres-
sive activities on the problem weeds green foxtail
(Setaria viridis[L.] Beauv.) and field bindweedJon- 3. Results and discussion
volvulus arvensis L.). Seed germination of both weed
species was >90%. Weed seeds were surface steril-3.1. Soil bacterial populations
ized by immersion in 1.25% sodium hypochlorite for
1.5min, rinsing twice with sterile water, immersion The surface (0-10cm) soils from the native prairie,
in 70% ethanol for 1.5min, and rinsing five times in organic farm and crop rotation systems under mini-
sterile water followed by blotting on sterile paper tow- mum tillage (CS-5) were generally higher in organic
els. Sixteen seeds of each of the weed species werematter than soils under intensive crop production
placed onto an agar (1.1% in de-ionized water) plate. (SF-6, SF-39, CS-1) Table 3. Total number of
Two-day old bacterial isolates cultured on King's B culturable soil bacteria isolated varied among soils
medium were suspended in 0.1 M Mg§Qoncen- (Table 3 primarily due to differences in recovery of
tration of 1% cfuml~1) and applied to the seeds. To gram-negative bacteria (data not shown). Higher pop-
assure good contact of bacteria with weed seeds, theulation densities of fluorescent pseudomonads were
volume of the bacterial suspension was adjusted ac-found also in soil from organically farmed fields and
cording to seed size. Thus, 30 and 50 ml of bacterial the native-prairie site, as compared to soil from con-
suspension were used to inoculate each seed of greerventionally managed fields (data not shown). Overall,
foxtail and field bindweed, respectively. Seedling root soils under prairie vegetation or under longer crop
lengths were measured after 48 h incubation &t@7 rotations, reduced tillage, and high inputs of organic

The screening experiment was repeated once. matter had more diverse bacterial groups compared
Table 3
Bacterial populations (measasS.E.; n = 4) in soils and selected weed rhizospheres from different cropping systems
Site? Bulk soil (logiocfu gt soil) Rhizospher (logy cfu g~ fresh root)

Giant foxtail Morning glory Field bindweed
SF-6 5.8+ 0.7 6.9+ 0.3 6.2+ 0.2 6.2+ 0.2
SF-26 7.0+ 0.7 n.d¢ n.d. 6.5+ 0.1
SF-39 6.6+ 0.6 n.d. n.d. 6.8t 0.3
CSs-1 6.6+ 0.9 7.3+ 0.2 7.0+ 0.1 n.d.
CS-5 7.1+ 0.8 8.2+ 0.4 7.2+ 0.2 75+ 0.4
CS-6 6.9+ 0.7 8.3+ 0.3 7.6+ 0.1 n.d.
OF 7.1+ 0.6 8.1+ 0.1 7.9+ 0.2 n.d.
TP 6.4+ 0.8 7.7+ 0.1 6.8+ 0.2 n.d.

2SeeTable 1for site codes.
b Rhizosphere bacteria population data modified affeand Kremer (200Q)
®Not determined.
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to soil under conventional tillage and monoculture FDA hydrolysis is often used as an indicator of
(data not shown). However, the effects of tillage on microbial activity and is correlated with microbial
soil microbial populations were inherently difficult to  respiration Schnirer and Rosswall, 1982As such it
assess because of temporal variations in community is a simple, non-specific, but sensitive technique that

profiles Kirchner et al., 1998 can be used to estimate relative levels of microbial ac-
Recent studies have shown that many soil microor- tivity in soils, and has been recommended as a useful
ganisms are viable but not culturabl@u¢co et al., parameter to assess soil qualifigk, 1997. In our

1994; Roper and Ophel-Keller, 198thus culturable study, microbial activity based on FDA hydrolytic,
microorganisms represent only a small fraction of the phosphatase, dehydrogenase enzymes indicated that
total soil bacterial population. However, the examina- soils under grassland vegetation or high-input or-
tion of the culturable component of any soil microbial ganic systems were metabolically more active than
community is still a useful method to assess specific soils under conventional management systems. FDA

functions such as weed suppression. hydrolytic activity was the highest in soils under
native-prairie vegetation (TP), but similar levels were
3.2. Soil microbial activity also observed in soils under organic (OF) and inte-

grated cropping systems (CS-5), and permanent pas-
Soils receiving inputs of organic residues through ture (CS-6) Table 4. Soils under these management
amendments, or with higher levels of plant residues systems had a 0.5 to 2-fold greater FDA hydrolytic
produced under long crop rotation or permanent veg- activity than soils under more intensive management
etation, showed greater FDA hydrolytic, dehydroge- (SF-6, SF-26 SF-39, CS-1). The increased microbial
nase, and acid phosphatase activities than soils underactivity observed in OF, TP, CS-5, and CS-6 soils may

conventionally managed monoculturgable 4. Or- reflect a greater availability of substrates that support
ganic amendments and associated plant residues mayuch activity Zablotowicz et al., 1998

supply additional sources of labile C and P to soil, Crop production systems that increase inputs of
which can stimulate microbial growth and biochem- C through cover cropping, crop rotations, or various
ical activity (Carpenter-Boggs et al., 2000&5imi- organic amendments have been shown to have greater

larly, soil phosphatase activity was closely related to microbial biomass and microbial activity than found in
soil organic matter content, supporting previous re- systems that utilize chemical inputs for the monocul-
ports that elevated organic matter levels promote soil ture of annual row crops(rchner et al., 1993; Fraser

phosphatase activity-(ankenberger and Dick, 1983; et al., 1988. Soil enzyme activity measured in our as-

Jordan et al., 1995 says were associated with living organisms, especially
Table 4
Microbial enzyme activity and water-stable aggregates in soils under different management ystems
Site? FDA hydrolase Dehydrogenase Acid phosphatase Alkaline Water-stable
(wmol productg? (wmol productg? (wmol product gt phosphatase aggregates (%)
soilh™1) soilh™1) soilh™1) (wmol product gt
soilh~1)
SF-6 2440 ¢ 170 c 433 b 1.50d 10.0d
SF-26 2030 ¢ 3.80b 5.23 b 253 b 10.8 d
SF-39 850 d 350 b 273 c 1.20d 227 ¢c
CS-1 2130 ¢ 3.20b 3.90 c 2.00 ¢ 6.8 d
CS-5 3480 b 3.70 b 3.00 c 1.40d 5.8d
CS-6 3900 b 483 b 4.60 b 240 b 18.4 ¢
OF 4100 b 443 b 450 b 4,10 a 345b
TP 7100 a 17.60 a 11.30 a 1.20d 68.5 a
LSD (P = 0.05) 980 1.80 1.20 0.40 6.8

aValues within a column followed by the same letter are not significantly different based on RSD0(05).
b SeeTable 1for site codes.
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so for dehydrogenase. It is difficult to generalize the 3.3. Soil aggregate stability

relationship between reduced tillage and microbial

activity using the enzyme assays. However greater The proportion of water-stable soil aggregates was
microbial activity was found at TP. Dehydrogenase associated with higher levels of soil organic matter
activity was similar in soils of six agroecosystems, and soil enzyme activityTables 2 and ¥ Previous
suggesting that there was a threshold level beyond studies have also suggested that higher water-stable
which additional nutrient amendments (organic or aggregation improved soil structure providing good
synthetic) no longer increased microbial activity. soil aeration and water availability for maximum aer-

A. Rhizosphere isolates

30
I Green foxtail
25 | ] Morningglory
20 | c
m 15
9
©
° 10
2
S 5
)
’q‘, SF6 SF26 SF39 CS1 CS5 CS6 OF TP
©
©
a B. Soil isolates
)
S 30
2 Bl Green foxtail
:E 25 | [ Bindweed
o
=
= 20
)
)
» 15

10

SF6 SF26 SF39 CS1 CS5 CS6 OF TP
Site

Fig. 1. Proportions of rhizosphere (A) and soil (B) bacteria from selected cropping systems that signifitaatl9.@5) inhibited root

growth of green foxtail, ivyleaf morning glory, and field bindweed relative to non-inoculated checks in seedling bioassays. Values of bars
with similar capital or lower-case letters are not significantly different based on IFSB (.05). Data presented in (A) are modified from

Li and Kremer (2000Q) Site codes are listed ifiable 1
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tem, regardless of whether the soil originated from

creased water-stable aggregation has been related alsthe rhizosphere or bulk soiF{g. 1A and B).

to increased substrate availability under certain crop

Comparisons of the uncultivated prairie (TP) and the

rotations, cover crops, grasslands, and organic amend-cool-season pasture (CS-6), which may be considered

ments Fraser et al., 1938

Organic carbon inputs can affect microbial activ-
ity by providing suitable microhabitats within the soil
profile (Islam and Weil, 200D Thus, the study of soil
aggregates in conjunction with soil enzyme activity
may provide an insight into the relationships between
soil microbial communities and the soil types they col-
onize.

3.4. Weed seedling bioassays

Bioassays of soil bacterial isolates showed a vari-
ety of effects on root growth in green foxtail and field

similar in terms of general vegetation type (permanent
grassland), yielded dramatically different numbers of
bacteria that suppressed green foxt&lg( 1). We
suggest that such variations may be related to differ-
ences in soil organic matter content and soil pH. Simi-
larly, differences in the frequency of weed-suppressive
bacteria associated with different weed species may
also be influenced by differences in soil topography
(Ibekwe and Kennedy, 1999

The higher incidence of weed-suppressive bacteria
from the organic farming system seems to confirm the
concept that regular additions of organic amendments
enhance the development of high population densities

bindweed seedlings. Seedling root responses to bac-of weed-suppressive bacteria in weed rhizospheres.

terial inoculants ranged from growth inhibition, to no
effect, to growth stimulation. Phytotoxic activity of
bacteria from among the different cropping systems
varied from 5-21 to 1-16% of the total isolates re-
covered for green foxtail and field bindweed, respec-
tively (Fig. 1B). Bioassays on green foxtail and ivyleaf
morning glory were included for comparative purposes

Similar findings were reported for compost-amended
soils planted to winter wheat, which exhibited 29 and
78% reductions in broadleaf and grassy weed densi-
ties, respectively, compared to field soils receiving in-
organic fertilizer or no supplementary nutrient sources
(Carpenter-Boggs et al., 2000We found that popu-
lations of weed-suppressive bacteria seemed to be as-

(Li and Kremer, 200p(Fig. 1A). Growth-suppressive  sociated with management systems characterized by
bacteria were defined as those that caused 70% roothigh levels of biological activity.
inhibition, based on our experience in previous studies
(Kremer et al., 1990; Li and Kremer, 2000ymp-
toms of root damage included necroses, blackened root4. Conclusions
tips, discoloration of root surfaces, stunted lateral root
development, and reduced root hair development. Management of the microbial components of agroe-
In general the highest number of soil bacteria phy- cosystems for natural weed suppression is a theme
totoxic to green foxtail were recovered from soils un- of many recent reportsBpyetchko, 1996; Gallandt
der the integrated crop management systems (CS-5),et al., 1999; Kennedy, 19%9In the present study
corn—-wheat-red clover rotation (SF-26), organic total bacterial numbers (rhizosphere and bulk soil)
farming (OF) systems, and the native prairie (TP). did not differ greatly for most management systems,
The highest number of bacteria phytotoxic to field however, a population subset comprising fluorescent
bindweed were detected in OF, TP, CS-5, cool-seasonpseudomonads was found to increase in the sustain-
pasture (CS-6), and continuous corn (SF-6). In con- ably managed soils (data not shown). Increased levels
trast, the lowest number of bacteria phytotoxic to of soil enzymatic activity observed in uncultivated
green foxtail were detected among isolates recovered prairie, organic farming, integrated cropping (CS-5),
from continuous corn (SF-6), continuous soybean and crop rotation (SF-26) systems were generally as-
(SF-39), and chemical-intensive (CS-1) cropping sociated with higher proportions of weed-inhibiting
systems, which, except for SF-6, also had the low- bacteria. The improvement in soil quality as mea-
est number of isolates phytotoxic to field bindweed. sured by water-stable aggregates was evident in soils
Interestingly, the relative distribution of phytotoxic containing high levels of organic matter (i.e., TP,
isolates was similar for each soil management sys- OF, CS-5, CS-6) and from which generally higher
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numbers of potentially weed-suppressive bacteria Boyetchko, S.M., 1996. Impact of soil microorganisms on weed
were recovered. Soil and crop management systems biology and ecology. Phytoprotection 77, 41-56.
that increase organic matter in the soil surface provide Ca/penter-8oggs, L., Kennedy, AD., Reganold, J.P., 2000a.

. . Organic and biodynamic management: effects on soil biology.
a source of readily available carbon substrates that g s¢i soc. Am. J. 64, 16511659,

can support increased microbial activity. We suggest carpenter-Boggs, L., Reganold, J.P., Kennedy, A.C., 2000b.
that microbial competition in soils, as demonstrated Biodynamic preparations: short-term effects on crops, soils, and
by greater enzymatic activity, may influence the pro- _ weed populations. Am. J. Altern. Agric. 15, 110-118.

liferation of Weed-suppressive bacteria. We concur Casida Jr., L.E., 1977. Microbial metab.ollc' activity in soil gs
measured by dehydrogenase determinations. Appl. Environ.

with previous studies that practices enhancing certain  picropiol 34. 630-636.
aspects of soil quality may also favor the creation of Dick, R.P., 1997. Soil enzyme activities as integrative indicators of

weed-suppressive soilPdrr et al.,, 1992; Horwath soil health. In: Pankhurst, C.E., Doube, B.M., Gupta, V.V.S.R.
et al., 1998; Gallandt et al., 1999 (Eds.), Biological Indicators of Soil Health. CAB International,

. . . . Oxford, UK, pp. 121-156.
An outcome of this research is that simple soil and Dick, R.P., Rasmussen PE. Kere, E.A. 1988. Influence of
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